ing long-term health benefits, most US adults have taken a vitamin supplement in the past year. 1 In the 1999-2000 National Health and Nutrition Examination Survey, 12.7% and 12.4% of US adults took vitamin E and C supplements, respectively. 2 With annual vitamin supplement sales in the billons of US dollars, 3 vitamin supplementation has broad public health implications.
Basic research studies suggest that vitamin E, vitamin C, and other antioxidants reduce cardiovascular disease by trapping organic free radicals, by deactivating excited oxygen molecules, or both, to prevent tissue damage. 4 Antioxidants may slow or prevent atherosclerotic plaque formation by inhibiting low-density lipoprotein cholesterol oxidation, 5 modifying platelet activity, 6, 7 reducing thrombotic potential, 8 and modifying vascular reactivity. 9 ,10 Some, [11] [12] [13] but not all, 14 prospective cohort studies support a role for vitamin E in cardiovascular disease prevention. Dietary and supplemental vitamin C have been inconsistently associated with cardiovascular disease, including significant 15 and nonsignificant 16 inverse associations as well no association. 17, 18 In a pooled analysis of 9 cohorts, vitamin C supplement use exceeding 700 mg/d was significantly associated with a 25% reduction in coronary heart disease risk. 19 Initial clinical trials of vitamin E alone among male smokers in the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) trial showed both possible benefits on prostate cancer 20 and risks on hemorrhagic stroke, 21 in addition to secondary prevention trials such as the Cambridge Heart Antioxidant Study (CHAOS), 22 which indicated possible cardiovascular disease reductions. Yet even as largely negative trials of vitamin E later emerged among patients with multiple coronary risk factors or preexisting cardiovascular disease, [23] [24] [25] [26] [27] [28] vitamin E and other supplement use has remained surprisingly prevalent among healthy individuals who report its regular use as part of their routine health regimen. 29 There have been fewer longterm primary prevention trials of vitamin E alone among participants at initially low risk of cardiovascular disease, for which there has been no effect on cardiovascular disease, 30, 31 with comparatively less data in men. 30 Vitamin C has typically been incorporated into antioxidant combinations with vitamin E, beta carotene, and other vitamins and minerals in largescale clinical trials that reported no significant cardiovascular effects. [32] [33] [34] [35] Vitamin C alone has only been evaluated among 8171 women at high risk for cardiovascular disease, 28 and no effect on cardiovascular disease was found with use of 500 mg/d of vitamin C. Therefore, the clinical utility of vitamin C alone in preventing cardiovascular disease among those at low initial risk of cardiovascular disease remains uncertain. Further, because vitamin C may potentially interact with vitamin E, 36 it is important to evaluate the effect of their interaction on cardiovascular disease. Given these persistent gaps in knowledge and the ongoing debate regarding the roles of vitamin E and vitamin C for cardiovascular disease prevention, we designed the Physicians' Health Study II (PHS II) to provide novel and clinically relevant information on the individual effects of vitamin E and vitamin C supplementation on the risk of major cardiovascular events over a median follow-up of 8 years among 14 641 male physicians at lower initial risk of cardiovascular disease compared with participants in most previous trials.
METHODS

Study Design
The PHS II was a randomized, doubleblind, placebo-controlled, 2ϫ2ϫ2ϫ2 factorial trial evaluating the balance of risks and benefits of vitamin E (400 IU synthetic ␣-tocopherol or its placebo every other day; BASF Corporation, Florham Park, New Jersey), vitamin C (500 mg synthetic ascorbic acid or its placebo daily; BASF Corporation), and a multivitamin (Centrum Silver or its placebo daily; Wyeth Pharmaceuticals, Madison, New Jersey) in the prevention of cancer and cardiovascular disease among 14 641 male physicians aged 50 years or older. 37 A fourth randomized component, beta carotene (50 mg of Lurotin or placebo on alternate days; BASF Corporation), was scheduled to stop in March 2003, while the data and safety monitoring board recommended that the vitamin E, vitamin C, and multivitamin components continue.
The PHS II study design has previously been described. 37 Recruitment, enrollment, and randomization of men into PHS II occurred in 2 phases (FIGURE 1). Starting in July 1997, 18 763 PHS I participants 38,39 were invited to participate in PHS II. Men were ineligible if they reported a history of cirrhosis, active liver disease, were taking anticoagulants, or reported a serious illness that might preclude participation. Men with a history of myocardial infarction (MI), stroke, or cancer were eligible to enroll in PHS II. Individuals also must have been willing to forgo during the course of PHS II any current use of multivitamins or individual supplements containing more than 100% of the recommended daily allowance of vitamin E, vitamin C, beta carotene, or vitamin A. A total of 7641 willing participants (41%) from PHS I were randomized into PHS II and retained their original beta carotene treatment assignment.
In 1999, invitational letters and baseline questionnaires were mailed to 254 597 US male physicians aged 50 years or older identified from a list provided by the American Medical Association, excluding PHS I participants. Between July 1999 and July 2001, 42 165 men completed a baseline questionnaire. Of these, 16 743 individuals were willing to participate in PHS II, of whom 11 128 were eligible following the same eligibility criteria as PHS I participants. A 12-week run-in period excluded noncompliers who typically emerge during the first several months of participation. 40 Of 11 128 physicians who entered the run-in phase, 7000 willing and eligible men (63%) took at least two-thirds of their pills and were randomized into PHS II.
Thus, 14 641 men (7641 from PHS I and 7000 new physicians) were randomized into PHS II in blocks of 16, stratified by age, prior diagnosis of cardiovascular disease, prior diagnosis of cancer, and, for the 7641 PHS I participants, their original beta carotene treatment assignment. Men were randomly assigned to vitamin E or its placebo, to vitamin C or its placebo, to beta carotene or its placebo, and to a multivitamin or its placebo. There were 754 men (5.1%) with prevalent cardiovascular disease (nonfatal MI and stroke) randomized into PHS II. All participants provided written informed consent and the institutional review board at Brigham and Women's Hospital approved the research protocol.
Study Treatment, Follow-up, and Adherence
Participants were sent monthly calendar packs, containing vitamin E or placebo (taken every other day), and vitamin C or placebo (taken daily), every 6 months for the first year and annually thereafter. Participants also were sent annual questionnaires asking about adherence, potential adverse events, the occurrence of new end points, and updated risk factors. Treatment and follow-up continued in a blinded fashion through August 31, 2007 , the scheduled end of the vitamin E and C components of PHS II. The multivitamin component is still ongoing.
Morbidity and mortality follow-up were extremely high at 95.3% and 97.7%, respectively. Morbidity and mortality follow-up as a percentage of person-time each exceeded 99.9%, with only 1055 and 289 person-years of morbidity and mortality follow-up, respectively, lost through August 31, 2007. Adherence was defined from participant self-reports as taking at least twothirds of the study agents. For active vitamin E and its placebo, adherence among participants at 4 years was 78% and 77%, respectively (P =.12), and at the end of follow-up (mean of 8 years), 72% and 70% (P=.004). For active vitamin C and its placebo, adherence among participants at 4 years was 78% and 78%, respectively (P=.99), and at the end of follow-up, 71% and 71% (P=.54). There were no differences between groups in the average rates of individual nontrial vitamin E supplement use (3.2% active and 3.1% placebo) or vitamin C supplement use (3.8% active and 4.4% placebo) for 31 days per year or more (drop-ins) at the end of the trial (each P Ͼ.05).
Confirmation of End Points
The primary cardiovascular end point, major cardiovascular events, was a composite end point that included nonfatal MI, nonfatal stroke, and cardiovascular mortality. For each end point reported by participants in the follow-up questionnaire, letter, telephone call, and other correspondence, permission was requested from the participant to examine relevant medical records. Once consent was obtained, records were requested from the hospital or attending physician and reviewed by an end points committee of physicians blinded to randomized treatment assignment.
The diagnosis of MI was confirmed by evidence of symptoms in the presence of either diagnostic elevations of cardiac enzymes or diagnostic changes on electrocardiograms. For fatal events, the diagnosis of MI also was accepted based on autopsy findings. 38 Diagnoses of stroke were confirmed that were defined as a typical neurological deficit of sudden or rapid onset and vascular origin, and lasted longer than 24 hours. Stroke was classified according to National Survey of Stroke criteria into ischemic, hemorrhagic, and unknown subtype, 41 with high interobserver agreement. 42 Participant deaths were usually reported by family members or postal authorities. Following a report of a participant death, permission was requested to obtain death certificates and/or autopsy reports from next of kin or from the state vital records bureau in which the participant died. Total mortality was confirmed by the end points committee or by death certificate. Cardiovascular disease mortality was additionally documented by convincing evidence of a cardiovascular mechanism from all available sources, including death certificates, hospital records, and for deaths outside the hospital, observers' impressions. For men with unknown vital status, we used Web searches to identify deaths along with National Death Index searches that included data through 2006. By the end of the vitamin E and vitamin C components of PHS II, mortality follow-up as a percentage of person-time exceeded 99.9%. End point data also were collected on participant self-reports of congestive heart failure, angina pectoris, and revascularization (including coronary artery bypass graft and percutaneous coronary intervention).
Statistical Analyses
All primary analyses were based on the intention-to-treat principle, in which all 14 641 randomized participants were classified according to their randomized vitamin E or vitamin C treatment assignments and were followed up until the occurrence of a disease end point, death, loss to follow-up, or the end of the vitamin E and vitamin C components of PHS II on August 31, 2007, whichever came first. All data were analyzed using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina), with statistical significance set at P Ͻ .05 using 2-sided tests. The PHS II was designed to have 80% power to detect a 16% relative reduction in the hazard of our primary end point of major cardiovascular events, based on historical event rates of cardiovascular disease observed in PHS physicians.
Baseline characteristics were first compared by vitamin E or vitamin C treatment assignment to evaluate whether randomization equally distributed baseline characteristics. Cox proportional hazards models were used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) comparing event rates in the vitamin E and placebo groups, and the vitamin C and placebo groups, for each prespecified end point, adjusting for variables in the PHS II study design of age, PHS cohort (original PHS I participant, new PHS II participant), and randomized beta carotene, vitamin E or vitamin C, and multivitamin assignments. The proportional hazards assumption was tested by modeling interaction terms separately for vitamin E or vitamin C with the logarithm of time, and these assumptions were not violated (PϾ.05).
Whether vitamin E or C adherence affected our primary results was then investigated through sensitivity analyses that censored follow-up when a participant reported taking less than twothirds of either vitamin E or vitamin C during the previous year. The effect of vitamin E or vitamin C on major cardiovascular events also was examined separately among 13 887 men without and 754 with baseline cardiovascular disease (including MI or stroke). Finally, subgroup analyses were conducted, stratified by major coronary risk factors, and effect modification was assessed by using interaction terms between subgroup indicators and either vitamin E or vitamin C assignment.
RESULTS
The PHS II randomized 14 641 men with a mean (SD) 
Vitamin E and Major Cardiovascular Events
The overall rates of major cardiovascular events were 10.8 and 10.9 per 1000 person-years in the active and placebo vitamin E groups, respectively. There was no effect of vitamin E on the primary end point of major cardiovascular events (HR, 1.01 [95% CI, 0.90-1.13]; P = .86; TABLE 2). The cumulative incidence curves indicate that this lack of effect did not vary throughout treatment and follow-up (log-rank P=.94) (FIGURE 2 Based on concerns raised in the Heart Outcomes Prevention Evaluation-The Ongoing Outcomes (HOPE-TOO) trial, 27 we examined the rates of congestive heart failure by treatment group, finding no effect (HR, The association between vitamin E and major cardiovascular events was examined among 13 887 men without and 754 men with a baseline history of cardiovascular disease (including MI or stroke). Vitamin E had no effect on the primary prevention of major cardiovascular events (532 events in the active vitamin E group and 520 events in the placebo vitamin E group) (HR, , randomized beta carotene assignment, randomized multivitamin assignment, and either randomized vitamin E or vitamin C assignment, and stratified on baseline cardiovascular disease. c Defined as a composite end point consisting of the first of any of the following individual events: nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. The individual events do not sum to the total because each individual analysis assesses the first event that occurs during follow-up. Therefore, a participant who has a myocardial infarction and then dies of cardiovascular disease would be counted for both individual events, but only once for the primary end point of major cardiovascular events. d Includes both nonfatal and fatal events. e Stroke type was unknown for 7 men in the active vitamin E group and 8 men in the placebo vitamin E group, as well as 8 men in the active vitamin C group and 7 men in the placebo vitamin C group. f Self-reported. g Includes both coronary artery bypass graft and percutaneous transluminal coronary angioplasty. Follow-up, y , randomized beta carotene assignment, randomized multivitamin assignment, and either randomized vitamin E or vitamin C assignment. c Calculated as weight in kilograms divided by height in meters squared. d Defined as self-reported systolic blood pressure of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or higher, or past or current treatment for hypertension. e Defined as self-reported total cholesterol of 240 mg/dL or higher or past or current treatment for high cholesterol. f Excludes 1410 men with missing information on parental history of MI before age 60 years. g Included nonfatal MI or nonfatal stroke. h For analyses of vitamin E, stratified by vitamin C; for analyses of vitamin C, stratified by vitamin E. other significant effect modification by coronary risk factors was found on major cardiovascular events. In addition, there was no effect modification by randomized beta carotene or the ongoing multivitamin treatment assignment.
Vitamin C and Major Cardiovascular Events
The overall rates of major cardiovascular events for the active and placebo vitamin C groups were 10.8 and 10.9 per 1000 person-years, respectively. There was no effect of vitamin C on the primary end point of major cardiovascular events (HR, 0.99 [95% CI, 0.89-1.11]; P=.91; Table 2 ). The cumulative incidence curves showed no difference between groups in the HRs over time (log-rank P=.86; Figure 2 ). Vitamin C also had no effect on individual cardiovascular end points, including total MI (HR, 16 ). There also was no effect of vitamin C on hemorrhagic stroke. Censoring for nonadherence with vitamin C did not appreciably affect our findings for major cardiovascular events (HR, 0.98 [95% CI, 0.86-1.13]; P=.81).
When vitamin C use was examined among 13 887 men without and 754 men with a baseline history of cardiovascular disease, the lack of effect of vitamin C on major cardiovascular events remained. Vitamin C had no effect on the primary prevention of major cardiovascular events (525 events in those receiving active vitamin C and 527 events in those receiving placebo vitamin C) (HR, 1.00 [95% CI, 0.88- We then considered whether the effect of vitamin C on major cardiovascular events was modified by baseline coronary risk factors or other PHS II randomized interventions (Table 3) . No significant effect modification was found between vitamin C and various baseline factors, randomized beta carotene, or the ongoing multivitamin treatment assignment on major cardiovascular events. When we examined the 2-way interaction between randomized vitamin E and vitamin C assignments, no significant interactions were found for major cardiovascular events (P for interaction=.99), total MI (P for interaction=.12), total stroke (P for interaction=.26), or cardiovascular disease mortality (P for interaction=.80) (FIGURE 3) . Men assigned to active vitamin E only had a lower risk of total MI than those assigned to placebo vitamins E and C (HR, 0.74; 95% CI, 0.58-0.96), but no reduction was seen in those receiving both active vitamins E and C (HR, 0.94; 95% CI, 0.74-1.19).
Adverse Effects
We assessed whether vitamin E or vitamin C treatment increased potential adverse effects such as bleeding (including hematuria, easy bruising, and epistaxis) because vitamin E may potentially inhibit platelet function, 6 along with gastrointestinal tract symptoms (peptic ulcer, constipation, diarrhea, gastritis, and nausea), fatigue, drowsiness, skin discoloration or rashes, and migraine. No significant differences were observed in adverse effects, including hematuria, easy bruising, and .80
Error bars indicate 95% confidence intervals (CIs).
epistaxis for both active vitamins E and C compared with placebo.
COMMENT
In this large-scale, randomized controlled trial among middle-aged and older men, long-term vitamin E and vitamin C supplement use did not reduce the primary end point of incident major cardiovascular events. We also found that neither vitamin E nor vitamin C reduced total MI, total stroke, cardiovascular death, congestive heart failure, total mortality, angina, or coronary revascularization. We did find an increase in hemorrhagic stroke with vitamin E use.
Randomized Trials of Vitamin E
Our finding that vitamin E has no effect on major cardiovascular events, including among a small subgroup of 754 men with a baseline history of cardiovascular disease, is consistent with the majority of previous clinical trials conducted among higher risk individuals with 22, 24, 26, 28 or without 20, 25, 26, 28 preexisting cardiovascular disease. Although some of these trials report possible reductions in composite cardiovascular end points, 22, 25, 28 metaanalyses indicate no overall benefit for vitamin E in the secondary prevention of cardiovascular disease. [43] [44] [45] The strength of PHS II is that the majority of participants (94.9%) were of low initial risk of cardiovascular disease, a previously understudied population. Primary prevention trials such as the Chinese Cancer Prevention Study 32 and the Supplementation en Vitamines et Miné raux Antioxydants (SU.VI.MAX) study 35 included 30 mg/d of vitamin E as part of a combination of vitamins and minerals, with no effect found on cardiovascular disease. The Primary Prevention Project examined the individual effect of 300 mg/d of vitamin E among 1912 men and 2583 women (mean age, 64.4 years) with at least 1 cardiovascular risk factor for 3.6 years, and found no effect on prespecified cardiovascular end points. 46 The Women's Health Study tested 600 IU of vitamin E every other day among 39 876 women at low or usual risk of cardiovascular disease for 10 years and also reported no overall effect on major cardiovascular events. 31 Moreover, results in PHS II did not corroborate the significant 24% reduction in cardiovascular death or the significant 26% reduction in major cardiovascular events among women aged 65 years or older in the Women's Health Study. At present, the Selenium and Vitamin E Cancer Prevention Trial (SELECT) is the only ongoing, large-scale clinical trial testing 400 IU/d of vitamin E, with cardiovascular disease as a secondary end point. 47 Although vitamin E has appeared relatively safe with few documented adverse effects, 48 we observed a 74% increase in the risk of hemorrhagic stroke in the vitamin E treatment group consistent with results among the male smokers in the ATBC trial, 21 but not observed in other primary 30, 31 and secondary 24, [26] [27] [28] prevention trials testing individual vitamin E supplement use. Vitamin E did not increase the incidence of reported congestive heart failure in PHS II, in contrast to increased risk reported by HOPE-TOO. 27 While meta-analyses of clinical trials have reinforced the lack of effect between vitamin E and cardiovascular disease, 43 possible slight but significant increases in total mortality [43] [44] [45] have been reported. However, in PHS II we found no significant effect between vitamin E and total mortality after up to 10 years of treatment and follow-up.
The source, type, and dose of vitamin E used in PHS II warrant discussion. We used synthetic vitamin E (all-rac-alpha-tocopheryl acetate) in PHS II, similar to earlier trials, 20, 24 whereas more recent trials have used natural source vitamin E (d-alphatocopheryl acetate). [26] [27] [28] 31 However, neither form of vitamin E appears more or less associated with cardiovascular disease, consistent with the observation that both vitamin E sources have similar antioxidant properties. 49 Moreover, PHS II and other prevention trials have used ␣-tocopherol, whereas the ␥-tocopherol isomer also may have a role in cardiovascular disease prevention 50 because it has greater efficacy than ␣-tocopherol to inhibit lipid peroxidation 51 and it may be suppressed in the presence of ␣-tocopherol. 52 In addition, our dose of 400 IU/d of vitamin E is lower than that used in some other trials of vitamin E alone, but remains far greater than usual dietary levels and can only be achieved through supplementation.
53
Randomized Trials of Vitamin C
The PHS II represents the first largescale, long-term trial of individual vitamin C supplementation in the prevention of cardiovascular disease in men. The Women's Antioxidant Cardiovascular Study (WACS) also tested 500 mg/d of vitamin C in 8171 women at higher risk of cardiovascular disease, and there was no effect on major cardiovascular end points. 28 Other primary and secondary prevention trials have considered vitamin C as part of a vitamin combination, in which no cardiovascular benefits were observed. [32] [33] [34] [35] Trials of intermediate cardiovascular end points have yielded inconsistent results. A combination of vitamins that included vitamin C had no effect on the rate and severity of restenosis in one trial. 54 In contrast, 500 mg/d of vitamin C given to patients with percutaneous transluminal coronary angioplasty reduced restenosis rates. 55 In 520 patients with hypercholesterolemia, 6 years of a combination of vitamin C and E reduced the progression of atherosclerosis. 56 Yet among postmenopausal women, a combination of vitamin E and vitamin C provided no cardiovascular benefits. 57 Our observation that vitamin C use among 754 men with preexisting cardiovascular disease nonsignificantly reduced total MI by 46% was interesting, but confined to a small subgroup. Among 5238 women with prior cardiovascular disease in WACS, there was no effect of vitamin C on major cardiovascular disease (HR, 1.05 [95% CI, 0.93-1.18]; P = .43). 28 Moreover, in PHS II longterm vitamin C supplementation had no significant effect on total and cardiovascular mortality.
The dose of vitamin C used in PHS II, 500 mg/d, greatly exceeds usual dietary vitamin C levels 58 and can only be achieved through supplementation. While even higher doses of vitamin C, generally tolerated up to a level of 2000 mg/d, 59 may be considered for cardiovascular disease prevention, limits in gastrointestinal tract absorption and other physiological restrictions may hinder vitamin C bioavailability attainable by dietary and supplemental vitamin C intake. 60 Despite the lack of effect for vitamin C on cardiovascular disease in PHS II, more comprehensive clinical trial data on vitamin C alone at different doses and in other populations remain lacking.
Potential Limitations
Adherence is of potential concern in any clinical trial. However, adherence remained high in PHS II during up to 10 years of follow-up, with low drop-in use in all of the study groups. Sensitivity analyses that censored follow-up time based on nonadherence did not alter our findings. Although PHS II represents one of the longest trials to date of individual vitamin E and vitamin C use on cardiovascular disease, an even longer period of vitamin supplementation may be necessary to cover the critical etiologic window or provide a sufficient cumulative dose capable of preventing cardiovascular disease. Vitamins E and C represent 2 parts of a broader spectrum of essential vitamins and minerals with possible roles in cardiovascular disease prevention. The randomized multivitamin component of PHS II still continues, with total treatment and follow-up planned to last more than a decade.
CONCLUSION
In this large-scale trial, after a mean of 8 years of treatment and follow-up in 14 641 men, neither vitamin E nor vitamin C supplementation reduced the risk of major cardiovascular events. These data provide no support for the use of these supplements in the prevention of cardiovascular disease in middle-aged and older men.
